Objective: The aim of the present study was to investigate the association between mean platelet volume (MPV) and platelet count in patients with diagnosis of acute coronary syndrome (ACS). Materials and Methods: It was a case-control study conducted in a tertiary care hospital. We examined 100 cases of ACS and 100 age-and sex-matched healthy controls. All patients were subjected to focused history, focused clinical examination, vital recording, and baseline 12 lead electrocardiogram. MPV and platelet count were measured by a hemogram device, Melet Schloesing (MS-9) based on the Coulter principle. Results: The patients with ACS had a higher MPV 7.70 fl as compared to the normal healthy controls 6.64 fl (P < 0.0001). On the other hand, the platelet count was significantly decreased in the patients of ACS 172.44 × 10 9 /L when compared with the healthy control group 204.98 × 10 9 /L, and this difference was statistically significant with P < 0.0001.
INTRODUCTION
Despite impressive advances in its diagnosis and management over the past four decades, ischemic heart disease continues to be a major public health problem in the developed countries and is becoming an increasingly important problem in developing countries. Acute coronary syndromes (ACSs) encompass a spectrum of unstable coronary artery disease (CAD), from unstable angina (USA) to transmural myocardial infarction (MI). [1] Platelets have been implicated in the pathogenesis of various disorders since their discovery in 1842 by Donne. [2] Platelets are enucleate cells measuring approximately 1-2 μm in length with an average lifespan of 8-10 days. The platelets are formed via cytoplasmic fragmentation of bone marrow-derived megakaryocytes.
When activated, the platelets are localized, get amplified, and sustain coagulation and inflammatory responses at the site of the ruptured plaque. The platelets then release procoagulant platelet-derived microparticles. [3] They have an important role in the initiation of atherosclerotic lesions and coronary thrombus formation. One study has shown that megakaryocytic changes result in platelet changes which can increase atheroma formation. [4] Given the importance of platelets in vascular hemostasis and its role in the pathogenesis of CAD, there has been enormous research interest directed toward an improved understanding of the platelet physiology and the assessment of platelet function.
There is a wide range of indices which have been used to quantify platelet function. However, determination of platelet size, usually via quantification of mean platelet volume (MPV), is a simple and easy method of accurately assessing the platelet function. Larger platelets have a greater mass and are both metabolically and enzymatically more active than smaller platelets. Indeed, they have a greater prothrombotic potential, with higher levels of intracellular thromboxane A2 as well as increased levels of procoagulant surface proteins (e.g., P selectin, glycoproteins IIb/IIIa). [5] [6] [7] MPV is a simple and reliable index of platelet size that correlates with the functional status of platelets. MPV is an emerging risk marker for atherothrombosis. Moreover, previous evidence suggests that MPV may be a risk factor for recurrent MI independent of established risk factors such as hypertension, dyslipidemia, increased fibrinogen, white blood cell count, or plasma viscosity. [8] MPV has been shown to be inversely correlated with the total platelet count. It has been suggested that consumption of small platelets leads to a compensatory production of larger reticulated platelets. [9] Indeed, the MPV has been shown to correlate with both megakaryocyte ploidy and percentage of circulating reticulated platelets. Furthermore, a positive correlation between thrombopoietin levels and MPV values has been demonstrated in CAD. [10] 
MATERIALS AND METHODS
This study was a case-control study conducted in a tertiary care hospital. One hundred consecutive patients diagnosed as ACS admitted to the hospital who fulfilled the inclusion criteria were enrolled for this study. One hundred age-and sex-matched healthy people were included as controls.
Inclusion criteria
The patients who presented in the hospital with pain chest consistent with ACS with any of following features were added in the case group: a. Electrocardiogram (ECG) changes:
i. ST elevation ii. ST depression iii. T wave inversion. b. Troponin T elevation.
Exclusion criteria
The patients who had any of the following features were excluded from the study. a. Patients who were receiving/received anticoagulant, antiplatelet therapy b. Patients with bleeding disorders c. Patients with preeclampsia and sepsis d. Patients with recent blood transfusion.
All the people included in the case group were subjected to focused history to obtain information related to demographic profile, viz., age, sex, educational status, residence, presenting symptoms, focused clinical examination, vital recording, and baseline 12 lead ECG.
For measuring MPV, the following protocol was followed:
The blood samples of patients were taken at the time of hospitalization in case group before starting any treatment. For MPV and platelet count analyses, 2 ml blood was taken in the ethylenediaminetetraacetic acid tubes obtained via antecubital venous access which was examined within 4 h by a hemogram device, Melet Schloesing (MS-9) based on the Coulter principle.
Statistical analysis
All the statistical analyses were done using SPSS 16.0 software. All quantitative values are expressed as mean ± standard deviation (SD). Unpaired student t-test was used to compare results in case and control groups with P < 0.05 being taken as statistically significant.
RESULTS
A total of 200 patients were evaluated comprising 100 cases of ACS and 100 age-and sex-matched healthy controls. The mean age of the case group in the study was 58.45 ± 11.64 years, whereas the mean age in control group was 58.51 ± 11.23 years. The male patients comprised 73% in the case group and 76% in control group. The majority (81%) of the patients belonged to the rural area in both the groups. The patients with elevated total cholesterol (>200 mg) were 10% in case group as compared to 8% in the control group. The baseline characteristics of the study population are summarized in Table 1 . The MPV was increased in the ACS group 7.70 fl (SD 0.80) as compared to the control group 6.64 fl (SD 0.65). This difference was highly statistically significant with P < 0.0001 [ Figure 1 ].
The mean platelet count was decreased in the case group 172.44 × 10 9 /L (SD 59. 19 ) as compared to the controls 204.98 × 10 9 /L (SD 31.98). This decrease in the platelet count was statistically significant with P < 0.0001 [ Figure 2 ].
In the case group, 5% of patients were diagnosed as having USA, 16% patients had non-ST-elevated myocardial infarction (NSTEMI), and 79% patients were labeled as having ST-elevated myocardial infarction (STEMI).
The MPV and platelet count in these three groups of patients (USA, NSTEMI, and STEMI) were also compared and yielded no significant difference between each group [ Table 2 ].
DISCUSSION
CAD causes more deaths and disability and incurs greater economic costs than any other illness in the developed world. CAD is the most common, serious, chronic, life-threatening illness in the United States, where 13 million persons have CAD, >6 million have angina pectoris (AP), and >7 million have sustained MI. Given the projection of large increases in CAD throughout the world, CAD is likely to become the most common cause of death worldwide by 2020. [11] CAD is now growing among low-income groups rather than high-income groups (who are adopting more healthful lifestyles), while primary prevention has delayed the disease to later in life in all socioeconomic groups. Second half of the 20 th century has witnessed a global spread of the CAD epidemic, especially in developing countries, including India. Based solely on projected demographic trends, it has been estimated that deaths attributable to CAD would nearly double, in both sexes, in the period 1985-2015 and CAD would emerge, over this period, as the single largest contributor to mortality, accounting for nearly a third of all deaths, globally. [12] The platelet activation, by favoring thrombus formation and coronary artery occlusion, is thought to play a key pathogenic role in acute myocardial infarction (AMI). Platelets are heterogeneous cells in terms of size, density, and activity. [13] Platelet volume is an important indicator for platelet function and activation. Larger platelets contain more secretory granules and mitochondria and are known to be more active than small platelets. [14] In the present study, we measured MPV and platelet count in patients suffering from ACS and healthy controls with a mean age of 58.4 ± 11.6 years. Mercan [15] has also studied MPV in ACS. The mean age of the patients in their study was 58.7 ± 11.9 years, which is comparable to our study. The present study comprised 73% male and 27% female patients, which is consistent with the study conducted by Mercan [15] with 71% males and 29% females.
Kishk et al. [16] compared AMI patients to stable AP and control groups and detected that the former group had lower platelet count and higher MPV. They suggested that it was independent of smoking and area or diameter of infarct. They also claimed that increased MPV and decreased platelet count may be a major risk factor for AMI.
Park et al. [17] also considered increased MPV to be a risk factor for platelet activation. Martin et al. [18] reported that platelet volume was significantly increased within first 12 h in post-MI period, which occurred before ACS. Martin et al. [18] also suggested that increased MPV might be an independent risk factor for post-MI recurrence of coronary events and mortality. Ranjith et al. [19] have also concluded in their study that MPV is increased and platelet count decreased in patients of ACS when compared with stable AP and normal population.
The results in all the above studies are consistent with the findings in our population group and reiterate the importance of MPV and platelet count in the diagnosis of ACS.
Butkiewicz et al. [20] conducted a study consisting of 54 patients with unstable AP and found no significant difference between unstable AP patients and controls in terms of MPV. In this study, platelet counts were decreased when unstable AP patients were compared to the control group, yet this difference failed to reach a statistically significant level. Halbmayer et al., [21] in their study comparing those patients waiting for coronary artery bypass graft surgery to the control group, did not detect any difference in terms of MPV. They claimed that MPV could not be used as a risk indicator for CAD or MI. These few studies provide conflicting results to the present one and points that comprehensive studies should be conducted in the future to include these simple markers in the diagnostic test battery for ACS.
CONCLUSIONS
We detected that platelet counts were decreased and MPV were increased in patients presenting with ACS. Based on these findings, we conclude that larger platelet volumes may constitute a high risk for ACS and ischemic complications. For this purpose, we think that MPV and platelet count measurements, which are noninvasive and easy-to-perform methods, may be used as important tools for diagnosis in these patients.
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